ABSTRACT
ndovascular treatment is now the first-line approach for both ruptured and unruptured aneurysms. [1] [2] [3] [4] However, the limitations of standard coiling have contributed to the development of new endovascular approaches, including balloon-assisted coiling, stent-assisted coiling, flow diversion, and flow disruption. 5 The WEB (Sequent Medical, Aliso Viejo, California) is an intrasaccular device designed to disrupt the intra-aneurysmal flow at the level of the neck. [6] [7] [8] [9] Several devices are now available in the WEB family: WEB-DL and the more recently introduced WEB-SL and WEB-SLS. Initial experience with the WEB-DL has shown the clinical utility of this device in wide-neck bifurcation aneurysms with high technical success and low acute morbidity and mortality. [7] [8] [9] Also, the initial WEB-DL literature suggests good efficacy, with a high percentage of adequate occlusion (complete occlusion or neck remnant) in the postoperative period and in short-term follow-up. In the largest series, a significant number of neck remnants were observed at follow-up (56.7%). 9 This was due, in part, to the shape of the WEB-DL. The proximal surface of the WEB-DL is not flat but has a recess, which is concave from the direction of the parent artery. The WEB-DL and its recess conform to the aneurysm on the basis of the physician's WEB-DL size choice. For example, the physician may choose to minimize the WEB-DL parent vessel protrusion by allowing the recess to form within the aneurysm sac; however, this contributes to the appearance of a neck remnant, though this remnant is located centrally and proximally relative to the WEB-DL. Alternatively, with a different WEB-DL size choice, the recess can be removed and the proximal portion of the WEB-DL resides in the neck/parent vessel interface as a flow divider. Aneurysm coil recanalization is an important issue in endovascular therapy, with approximately 20% of coiled aneurysms recanalized and 10% retreated. 10 As previously shown, wide-neck aneurysms are highly prone to recanalization.
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The goal of this retrospective, multicenter, European study was to analyze the midterm clinical outcome, short-(3-8 months) and midterm (Ն9 months) anatomic results after WEB-DL aneurysm treatment, and the stability of the treatment as well as the rate of retreatment. A point of particular interest was to determine whether the opacification of the proximal recess was stable with time or was a feature promoting aneurysm recanalization.
MATERIALS AND METHODS

Population
The study received institutional review board approval, and according to the design of the trial, informed consent was waived. European neurointerventional centers were selected if the center treated at least 1 patient with the WEB-DL and the treatment occurred 1 year before the data collection cutoff date (May 2013). Twelve European centers participated in the study. In these centers, a total of 67 patients were treated at least 1 year before the cutoff date.
WEB-DL Device
The self-expanding WEB-DL is a globular, braided nitinol mesh. The device is composed of inner and outer braids held together by proximal, middle, and distal radiopaque markers. The WEB-DL implant is deployed-or retrieved before detachment-in a manner similar to that of conventional endovascular coil systems by using microcatheters with an internal diameter of Ն0.027 inches (WEB-DL width between 5 and 8 mm) or Ն0.032 inches (WEB-DL width between 9 and 11 mm). Once the device is deployed, it is fully retrievable. If a satisfactory position is achieved, electrothermal detachment is instantaneous. New WEB singlelayer devices, in 2 shapes, were recently developed and introduced in the European market (WEB-SL and WEB-SLS), but they were not used in this series.
Procedural Modalities
In each institution, the indication for treatment and its technique (surgery or endovascular treatment) was decided on a case-bycase basis by a local multidisciplinary team, including neurosurgeons, neuroanesthesiologists, neurologists, and neuroradiologists. The selection of aneurysms treated with the WEB-DL device was performed autonomously in each center by the interventional neuroradiologists according to aneurysm characteristics (aneurysm status, aneurysm location and size, neck size).
Aneurysms were treated with the WEB-DL by using techniques similar to those used in the treatment of aneurysms with coils (eg, general anesthesia, intraoperative treatment with intravenous heparin, single or double femoral approach). Pre-, intra-, and postoperative antiplatelet therapy was managed in each center as indicated for typical endovascular treatment with coils (or stent and coils if this approach was a potential alternative treatment).
After accurate evaluation of aneurysm anatomy (aneurysm morphology, aneurysm transverse diameter and height, and neck size) by the treating physician using MR angiography and digital subtraction angiography, whether the treatment with WEB-DL was indicated and the appropriate device sizing were determined.
After positioning a guiding catheter into the internal carotid artery or vertebral artery, we catheterized the aneurysm by using a microcatheter and chose the WEB-DL size according to aneurysm measurements and positioned it in the aneurysmal sac per methods described in . 9 A control angiogram was obtained to check the position of the device in the aneurysm and to evaluate flow stagnation inside it. XperCT (Philips Healthcare, Best, the Netherlands) and DynaCT (Siemens, Erlangen, Germany) are complementary acquisitions produced by a flat panel detector, which facilitate the visualization of the device after deployment because it is not completely visible on fluoroscopy. However, these were only used in a limited number of patients in the present series. If the position was not satisfactory, the device was resheathed and repositioned. If the size was not appropriate, the device was resheathed and another device was deployed into the aneurysm. When the right-sized device was correctly positioned, a final DSA run was performed. Treatment with ancillary devices (balloon, coils, and stent) was performed if deemed necessary by the treating physician.
Data Collection
Each center completed a patient file with the following data: patient age and sex, aneurysm status (ruptured/unruptured), aneurysm characteristics including location classified into 4 groups (internal carotid artery, middle cerebral artery, posterior circulation, anterior communicating artery), size and neck size, date of the procedure, occurrence of a complication during or after the procedure, use of an additional device during the procedure (coils, remodeling balloons, stents, or flow diverters), and modified Rankin Scale score at discharge and at last follow-up. Pre-and postoperative short-term (3-8 months) and midterm images (at least 9 months) were collected. For DSA, frontal, lateral, and working views were collected as well as 3D angiography when available. For MRA and CT angiography, frontal, lateral, and working-view reconstructions were collected. MRA or CTA examinations were used exclusively when DSA was not performed.
Data Analysis
The collected patients included those from the earliest WEB-DL clinical experience (first patient treated in October 2010), which did not have the benefit of the procedural and device learning curve. Therefore, to evaluate the anatomic results in a homogeneous population with typical indications for WEB-DL, the patients were included if their aneurysm met the following criteria:
• Located at a bifurcation: ICA, MCA, anterior communicating artery, basilar artery, posteroinferior cerebellar artery • Nonthrombosed • With a wide neck (Ն4 mm)
• With a maximum diameter of Յ12 mm.
An independent reader who has experience with the WEB-DL but with no patient in the present series (J.-Y.G.) analyzed the images (pre-and postoperative and short-term and midterm follow-up) by using a 4-grade scale: complete occlusion, complete occlusion with opacification of the proximal recess of the device, neck remnant, and aneurysm remnant. He also analyzed the evolution of aneurysm occlusion between short-and midterm follow-up and classified it as improved, stable, or worsened.
Clinical data were reviewed by the 2 principal investigators of the study (B.L. and L.P.), who requested further clinical data if necessary.
RESULTS
Patient and Aneurysm Populations
Between October 2010 and May 2012, sixty-seven patients with 67 aneurysms were treated with the WEB-DL device in the 12 participating centers. According to the criteria defined in "Materials and Methods," 22 patients with 22 aneurysms were excluded for the following reasons: neck of Ͻ4 mm in 11 patients, aneurysm not located at a bifurcation in 4 patients, aneurysm size of Ͼ12 mm in 3 patients, and partially thrombosed aneurysms in 2 patients. Two other patients were excluded due to the lack of clinical information.
Finally, the population of the study was 45 patients (34 women and 11 men), 35-74 years of age (mean, 56.3 Ϯ 9.6 years), with 45 aneurysms treated with the WEB-DL device.
Aneurysm locations were the MCA in 26 patients, posterior circulation in 13 patients (including 11 patients with basilar artery aneurysms and 2 with posterior inferior cerebellar artery aneurysms), anterior communicating artery in 5 patients, and ICA terminus in 1 patient. Three aneurysms were ruptured, and 42 were unruptured. Aneurysm size was Ͻ5 mm in 5 patients, 5-10 mm in 38 patients, and Ͼ10 mm (and Ͻ12 mm) in 2 patients.
Treatment Modalities
The treatment was conducted in a standard way in 38 patients with 1 device deployed in the aneurysm. In 1 patient, 2 WEB-DL devices were deployed in the aneurysm due to the aneurysm shape. In 4 patients, stent placement was used as an additional treatment due to WEB-DL protrusion (3 patients) and to thromboembolic complication treated with abciximab and stent (1 patient). One patient had an additional treatment with coils, and one, with coils and glue (see below).
Technical Issues, Complications, and Clinical Outcome
In 1 patient with a basilar artery aneurysm, a premature detachment of the device was observed when attempting to retrieve it because it was not an appropriate size. The device was easily removed by using standard maneuvers.
Four thromboembolic complications were observed during the treatment with the WEB-DL and were treated with intra-arterial administration of rtPA in 1 patient, IV administration of eptifibatide in 1 patient, IV abciximab and stent in 1 patient, and IV abciximab in 1 patient. In these 4 patients, the mRS score at discharge was 0 in 2 patients, 1 in 1 patient, and 2 in 1 patient. At last follow-up, the mRS score was 0 in 3 patients and 1 in 1 patient.
One patient with an MCA aneurysm had an intraoperative rupture. The WEB-DL was deployed in a daughter sac, which was ruptured. The rupture was treated with coils and glue, and 1 branch of the MCA bifurcation was occluded, inducing an MCA infarct. The patient had an mRS score of 3 at discharge and last follow-up. This case was already published in Lubicz et al. 8 One patient with multiple aneurysms was treated successfully with the WEB-DL for a large symptomatic posterior inferior cerebellar artery aneurysm, but 4 months after the WEB-DL procedure, the patient underwent surgical clipping of an MCA aneurysm and developed aphasia and hemiparesis due to partial postsurgical occlusion of the MCA bifurcation (mRS 3). One patient with a ruptured aneurysm died 2 weeks after the treatment due to the severity of the subarachnoid hemorrhage (World Federation of Neurosurgical Societies grade 4 before treatment).
Overall clinical outcome results at last follow-up were as follows: 39 patients with mRS 0, three patients with mRS 1, two patients with mRS 3 (unrelated to the WEB-DL treatment in 1 patient), and 1 patient with mRS 6. The 2 patients with mRS 3 at follow-up were mRS 0 before treatment.
The patient with mRS 6 (ruptured aneurysm) was World Federation of Neurosurgical Societies grade 4 before treatment. Overall, good clinical outcome (mRS Յ 2) was observed in 42/45 patients (93.3%).
Retreatment
Four of 45 patients (8.9%) were retreated within months following the initial WEB-DL treatment. Two of these retreatments were planned according to aneurysm morphology and were part of the treatment strategy. In a 52-year-old woman with a right MCA aneurysm of Ͼ10 mm with a wide neck, the WEB-DL device was placed in the fundus and the neck was intentionally not completely occluded. Four months after the initial treatment, an additional treatment was performed with a stent and coils to close the neck. A similar approach was performed in a 47-year-old woman with an MCA aneurysm. The fundus was occluded with a WEB-DL, and the neck, with coils 7 months later. Two retreatments were unplanned. In a 57-year-old man with a 10-mm basilar artery aneurysm, the WEB-DL was undersized. A thromboembolic complication occurred intraoperatively in the left P1 segment and was treated with abciximab and stent placement. At 3 months, the aneurysm remnant was depicted, and it was retreated at 5 months with stent and coils. In a 39-year-old man, a wide-neck 7-mm MCA aneurysm recanalized 2 months after the treatment with an undersized (in height) WEB-DL. The aneurysm remnant was treated with coils 2 months after the initial treatment.
Short-Term Anatomic Outcome
Because the goal of the study was to evaluate the quality and stability of aneurysm occlusion after WEB-DL treatment, the 6 patients with additional coiling and/or stent placement were not included in the evaluation. One patient had no short-term follow-up imaging, and 1 patient died (see above). Finally, 37/45 patients (82.2%) were evaluated in the short-term. Short-term follow-up was obtained from 2 to 8 months after the initial treatment (mean, 5.0 Ϯ 2.3 months; median, 6 months). Modalities of short-term follow-up were DSA in 33 patients, MRA in 3 patients, and CTA in 1 patient.
Complete aneurysm occlusion was obtained in 9/37 patients (24.3%) (Fig 1) ; opacification of the proximal recess with complete occlusion of the aneurysm, in 12/37 patients (32.4%) (Figs 2  and 3) ; neck remnant, in 9/37 patients (24.3%) (Figs 4 and 5) ; and aneurysm remnant, in 7/37 patients (18.9%). Adequate occlusion (complete occlusion, opacification of the proximal recess, or neck remnant) was observed in 30/37 patients (81.1%).
Midterm Anatomic Outcome
Because the goal of the study was to evaluate the quality and stability of aneurysm occlusion after WEB-DL treatment, 9 patients with additional coiling and/or stent placement or retreatment were not included in the evaluation (1 patient had both additional treatment and retreatment). One patient died (see above), and 6 patients refused midterm follow-up examinations. Finally, 29/45 patients (64.4%) were evaluated in the midterm. Midterm follow-up was obtained from 9 to 28 months after the initial treatment (mean, 14.3 Ϯ 7.0 months; median, 13 months). Modalities of midterm follow-up were DSA in 22 patients and MRA in 7 patients.
Complete aneurysm occlusion was obtained in 8/29 patients (27.6%); opacification of the proximal recess with complete occlusion of the aneurysm, in 12/29 patients (41.4%); neck remnant, in 6/29 patients (20.7%); and aneurysm remnant, in 3/29 patients (10.3%). Adequate occlusion (complete occlusion, opacification of the proximal recess, or neck remnant) was observed in 26/29 patients (89.7%).
Evolution between Short-and Midterm Follow-Up
Among the 29 patients with midterm follow-up, 1 had no shortterm follow-up. Thus, the evolution of aneurysm occlusion was evaluable in 28 patients. In 26/28 patients (92.9%), aneurysm occlusion was stable (Fig 1) . In 2/28 patients (7.1%) with neck remnants at 3 months, a worsening of the aneurysm occlusion was observed in midterm follow-up, with an aneurysm remnant in both cases (Fig 5) .
All patients with opacification of the proximal recess at 3-6 months had a stable aneurysm occlusion at midterm follow-up (Figs 2 and 3 ).
DISCUSSION
Our retrospective study analyzed the midterm clinical outcome, and the short-and midterm results of the first WEB-DL-treated patients with wide-neck, bifurcation intracranial aneurysms in 12 European centers. This study included patients treated during the individual and global procedure/device learning curve; however, the data suggest several interesting aspects of WEB-DL intrasaccular flow disruption.
Overall the midterm clinical follow-up showed a very high rate of patients with good clinical outcome (93.3%), given that 1 patient had an mRS score of 3 due to surgical treatment of another aneurysm. This good midterm clinical outcome confirms what was observed in previous WEB-DL series and compares favorably with outcomes of other sophisticated techniques like stent placement and flow diversion. [7] [8] [9] [12] [13] [14] At the beginning of the global experience with WEB-DL, indications for treatment with the WEB-DL device were not precisely known and some aneurysms were initially treated that are now not typically treated with the WEB-DL device. Anatomic results were analyzed in patients with aneurysms that are now typical indications for WEB-DL (wide-neck, bifurcation aneurysms with an average width of Ͼ4 mm but Ͻ12 mm).
Because this series reflects the initial experience with the device, it is clear that the physicians had no technical experience and may have made some technical errors, for example in the sizing of the device, which is an important issue, likely explaining the rate of additional treatments performed during the initial procedures as well as the rate of retreatment observed in the months following the initial treatment. To accurately analyze the efficacy of the WEB-DL device alone, patients with aneurysms treated with WEB-DL and additional treatment were not included in the analysis of the anatomic results. For the same reason, patients with aneurysms retreated during the follow-up period were not included in the anatomic analysis.
The present series shows that in this group of complex wideneck bifurcation aneurysms, appropriate occlusion was obtained in a high percentage of cases in the short-(81.1%) and midterm (89.7%) results. The treatment was quite stable with time, with worsening of the occlusion status in only 7.1% between short-and midterm follow-up. Most important, all aneurysms with opacification of the proximal recess at short-term follow-up had stable occlusion at midterm follow-up.
As was previously shown, neck size is a critical factor for aneurysm recanalization and midterm anatomic results in aneurysms treated with coils. In the Clinical and Anatomical Results in the Treatment of Ruptured Intracranial Aneurysms (CLARITY) study-dealing with ruptured aneurysms-aneurysm neck size was identified as the single most important factor in the quality of aneurysm occlusion at midterm follow-up after standard endovascular treatment. 11 In this series, adequate occlusion was obtained in the whole population (narrow and wide-neck aneurysms) in 80.4% at midterm follow-up after bare platinum coil treatment. In wide-neck aneurysms, the rate of adequate occlusion was 68.2%, which is much lower than the 89.7% observed in the present series. Also in the review of Ferns et al 10 dealing with narrow and wide-neck aneurysms, the rate of adequate occlusion at follow-up was only 83.4%, lower than the percentage in the present series.
With WEB-DL treatment, aneurysm occlusion was stable (between short-and midterm follow-ups) in most aneurysms (92.9%), and worsening of aneurysm occlusion was observed in only 7.1% of cases. Worsening was exclusively observed in aneurysms with a neck remnant at short-term follow-up. In the CLARITY study, 11 worsening of aneurysm occlusion was observed in 51.1%
of aneurysms in the whole group and in 62.1% in wide-neck aneurysms. Most interesting, the specific pattern "complete occlusion with opacification of the proximal recess" was not modified between short-and midterm follow-up, and it can be considered complete aneurysm occlusion. The rate of retreatment in the present series (8.9%) is slightly higher than that reported in CLARITY (6.2%), 11 but it was slightly lower than that calculated in the Ferns et al review (10.3%). 10 As previously mentioned, the present series dealt with the first cases treated in the 12 participating centers and clearly during the learning curve. In 2 retreatments, the WEB-DL device was undersized in the initial treatment; this result clearly reflected the lack of experience. In 2 other complex aneurysms, retreatment with coils was initially planned, with the WEB-DL device being used to modify the shape of the neck. Because these 2 cases are not true retreatments, the retreatment rate is, in fact, 2/45 aneurysms (4.4%), which is quite acceptable in the specific population of the series. Our study has several limitations. First, the series is retrospec- tive and has a limited number of patients (n ϭ 45), and midterm follow-up was not available for all (29/45). However, because it is a new endovascular treatment, it was important to have a rapid and accurate preliminary evaluation of the quality and stability of aneurysm occlusion in the midterm. A second limitation is that short-and midterm anatomic evaluations were conducted by using different modalities (mostly DSA and MRA). However, recent publications confirm the value of MRA in the follow-up of intracranial aneurysms. 15, 16 A third limitation is that only the WEB-DL (and not WEB-SL and WEB-SLS) was evaluated.
CONCLUSIONS
In this series dedicated to clinical and anatomic follow-up of complex, wide-neck bifurcation aneurysms, treatment with the WEB-DL was associated with a high rate of good clinical outcome (93.3%) and appropriate occlusion in short-and midterm followups (respectively, 81.1% and 89.7%) and limited worsening of the aneurysm occlusion between short-and midterm follow-ups (7.1%). Opacification of the proximal recess was not associated, in short-or midterm follow-up, with aneurysm recanalization and can be grouped with "complete occlusion." Moreover, the presence of the WEB-DL recess can be delineated from true neck remnant and/or true aneurysm remnant by its central and proximal location relative to the WEB-DL.
